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THE ROLE OF OVERBURDEN INTEGRITY IN PILLAR FAILURE

By J. Nielen van der Merwe, Ph.D.*

ABSTRACT

The move toward partial pillar extraction versus full pillar extraction has necessitated a new approach to
underground section stability. When pillars are mined too small to support the weight of the overburden, they
will, insome cases, remain stablefor aconsiderabl e period; in other cases, they will coll apse unexpectedly and
violently. Thereisno discernable difference between the pillar safety factors of the failed and stable cases.
The explanation liesin the characteristics of the overburden layers.

A method is proposed that recognizes the overburden characteristics in the evaluation of stability. Two
stability factors are calculated: one for the pillars, the other for the overburden. Using this method, it is
possible to make use of the bridging capabilities of overburden layersto prevent pillar collapse. Itispossible
toscientifically design partial pillar extraction layoutsthat will besafe. Using energy considerations, itisalso
possible to prevent violent failure of pillars.

M anaging director, Itasca Africa (Pty.) Ltd., Johannesburg, Republic of South Africa.
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INTRODUCTION

In order for underground coal pillarsto fail completely, two
requirements must be met: (1) the pillars themselves must be
loaded to beyond their load-bearing capacity, and (2) the
overburden must deflect sufficiently to totally deform the pil-
lars. Inthe consideration of pillar failure, the first requirement
historically has received almost al of the attention; only scant
mention is sometimes made of the role of the overburden.

Until recently, this has not been necessary. South African
mining methods, longwalling apart, were either bord-and-pillar
or pillar extraction methods with a number of variations. For
bord-and-pillar, the pillars are sufficiently large to support the
full weight of the overburden and the stiffness of the over-
burden isabonus, merely decreasing the load on the pillars. In
pillar extraction, the overburden usually fails completely, al-
though there are situations where it is prone to be self-sup-
porting for large enough distancestoresultin overloaded pillars
and the well-known and understood negative consequences
thereof.

Lately, however, there has been amove toward partia pillar
extraction with a number of different names attached to the
methods, like pillar robbing, pillar splitting, checkerboard
extraction, etc. These methods all have in common the partial
extraction of pillars, leaving self-supporting snooks (stubs) in
the back area. They are usually larger than the onesleft in nor-
mal stooping operations. These snooksare often stablefor long

periods of time, even though their strengths are less than that
required to support thefull overburden. Thisinturn createsthe
impression that the pillarsare much stronger than the prediction
made with the strength formula.

Therehaveal so been occasionswherethe snooksfailed after
a period of time. The author has been involved in investiga-
tions into two of these. In both instances, the lack of serious
accidents can only be ascribed to luck, both having occurred in
the off-shift. In one case, ventilation stoppings were destroyed
for a distance of severa kilometers; in the other, the collapse
overran unmined pillars and resulted in severe roof falls up to
six lines of pillars beyond the end of the split pillars.

The difference between the cases that failed and those that
remained stableisnot to befound in the strengths of the pillars.
The range of safety factors was from 0.5 to 0.7, and the stable
oneswere not the oneswith the higher safety factors. Thepillar
safety factor alone does not explain stability in these marginal
cases. Therewere, however, significant differencesintheover-
burden composition and stability. The investigation indicated
that in the stable cases, the overburden was strong enough to
bridge the panels; in the failed cases, the overburdens failed.
This resulted in the development of a concept that takes into
account the overburden stability aswell aspillar stability. This
concept will be explained in this paper.

EFFECTS OF MINING ON THE OVERBURDEN

Mining results in increased loads on the unmined pillars.
This causesthe pillarsto compress; the amount of compression
isafunction of the additional load on the pillars and the pillar's
modulus of elasticity. The pillar compressionistranslated into
deflection for the overburden. The higher the pillar loads, the
greater the compression and the more the overburden will de-
flect. Inthe most simplistic view, coal mine overburdens can
beregarded asaseriesof platesthat can be conveniently simpli-
fied further to a series of beams in the general case where the
panel lengths are several times greater than the panel widths.

The beam deflection results in induced tensile stress in the
upper beam edges and the bottom center of the beam. The most
simplistic view, adopted here as the starting point for the de-
velopment of amore accurate model, is that the beam will fail
when the induced tension exceeds the sum of the virgin hor-
izontal stress and the tensile strength of the beam material.

However, it iswell known that the overburden, consisting pre-
dominantly of sedimentary rock types often supplemented by a
dolerite sill, is vertically jointed and therefore the tensile
strength of the material can beignored. Failurewill thusoccur
when the induced tensile stress exceeds the virgin horizontal
compressive stress.

The amount of deflection of any individual beam in the
overburden is enhanced by the weight of the material on top of
it and restricted by the resistance of the pillars underneath.
There are no major differencesin the moduli of the overburden
rocks, dolerite sills apart, and the differential amounts of
bending become afunction of the thicknesses of the beams. In
considering overburden stability, the identification of thick
lithological units therefore is more important than the ratio of
mining depth to panel width.
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MATHEMATICAL RELATIONSHIP BETWEEN PILLAR LOAD
AND OVERBURDEN DEFLECTION

Thelink between overburden deflectionand pillar load isthe
pillar compression. The pillar cannot compress by a greater
amount than the overburden deflection and vice versa. The
maximum pillar deflection, )h, is

h* )?E h, )
where h " pillar height,
J)F ° loadincrease caused by mining,
and E. " modulusof elasticity of coal.

The aboveisvalid for the situation where the overburdenis
sufficiently soft not to restrict the compression of the pillars.
Thereisgenera consensusthat themodulusof elasticity of coal
is around 4 GPa. However, the postfailure modulus is a

function of the pillar shape. According to datasupplied by van
Heerden [1975], the postfailure modulus, E, appears to be?

0.562w

Ey " 82.293. @)

Assuming tributary area loading conditions, the load in-
crease on the pillars due to mining is

)Fp'(H(%e&l), 3)

where H * mining depth,

e " ared extractionratio,

and ( - Dg

RELATIONSHIP BETWEEN PILLAR DEFLECTION AND INDUCED TENSION
IN OVERBURDEN BEAM

The generic equation for beam deflection is

0" G 43 \ 4
32Et
where L " panel width,
E, ° modulusof elasticity of the rock layer,
t " thickness of the rock layer,
and ( " unitload ontherock layer.

The generic expression for the maximum generated tensile
stressis

LZ
F (r .
2t?

Q)

By substituting O by ) h, thetension induced by bending can
also be expressed in terms of the deflection, as follows:

_ 16DhE,
F, -
L

(6)

This is the tensile stress that will be generated in the
overburden beamif therestriction to deflectionistheresistance
offered by the pillars underneath. It is aso the upper limit of
the generated tension because the resistance offered by the pil-
larswill not alow further deflection. However, the overburden
has inherent stiffness that will also restrict deflection. The
maximum deflection that an unsupported beam will undergois
indicated by equation 4.

If O from equation 4 is greater than )h from equation 1, it
meansthat the overburden is dependent on the pillarsto restrict
deflection and that the tensile stress generated in the beam is
that found with equation 6. If )h is greater than O, it means
that the beam is sufficiently stiff to control its own deflection
and that the tension generated in the beam is that found with
equation 5.

2a uthor's own linear fit to van Heerden's data.
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OVERBURDEN FAILURE

The overburden beams will fail if the induced tension
exceeds the virgin horizontal compression; this is con-
veniently expressed in terms of the vertical stress as

Fo ™ KRy, )
or
Fy " KCHN, (8)

where HN is the depth at which the rock layer under con-
sideration is located, not the depth of mining.
Next, define the overburden stability ratio (OSR) as

PILLAR STABILITY

Pillar stability is evaluated by comparing pillar strength to
pillar load; thus:

SF - Strength
Load

(10)

Thepillar loadisconservatively estimated fromthetributary
arealoading assumption as follows:

OSR " i
- 9)

Ft

« DgH
Load Tio" (11)

and the strength for South African pillars is [van der Merwe
1999]:

w 0.81

Strength = 4 o7 (12)

OVERALL STABILITY EVALUATION

To evaluate the overall stability of a coal mine pandl, it is
necessary to consider both the overburden and the pillar
stability. This can be done by viewing the two stability
parameters—the pillar safety factor (PSF) and the overburden
stability ratio (OSR)—separately, or better, by plotting the two
onto aplane. The concept isillustrated in figure 1.

The quadrantsin figure 1 have different meaningsfor the sta-
bility evaluation. In quadrant I, both the overburden and the pil-
larsare stable. Thisistheideal situation for main development.

In quadrant I, the overburden is stable, although the pillars
are unableto support the full weight of the overburden. Thisis
potentially the most dangerous situation because there could be
afalseimpression of stability when the OSR is not much great-
er than 1.0. The pillars will be stable for as long as the over-
burden remains intact; however, the moment that the over-
burden fails, the pillars will aso fail. Thismay occur because
of time-related strength decay of the stressed overburden or
when mining progresses into an area with an unfavorably
oriented unseen joint set intheoverburden. Thecloser the OSR
isto 1.0, the more dangerous the situation.

Quadrant Il indicates asituation where both the pillars and
the overburden will fail. Thisisagaintheideal situation for the
snooks in pillar extraction. One wants both to fail in this
situation.

Quadrant 1V indicates that the pillars are able to support the
overburden, even though the overburden may fail. Thisisalso
asafe situation, although gradual failure may occur over along
period as the pillars lose strength.

v I
OSR
0 1
11 I1
0
PSF

Figure 1.—Plot of OSR and PSF. Values of <1.0
for either indicate imminent instability.
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PRACTICAL EXAMPLE

Thefollowing practical exampleisprovided to indicate how
the OSR/PSF procedure is applied in practice.

The mining depth is 143 m. The overburden consists of
aternating layers of sandstones and shales. From the surface
down, their thicknessesareasfollows: 10, 5, 10, 20, 10, 50, 10,
10, 5, and 10 m. The mining height is3 m; pillarsareinitially
18 mwide, and theroadsare 6 mwide. Thek-ratiois2.0. The
PSF isthen 2.7, shown as point A in figure 2.

Pillars are then split by a 6-m-wide cut through the center,
leaving remnants of 18 by 6 m, with an equivaent width (see
Wagner [1980]) of 8 m. One line of pillars is left intact on
either side of the panel, resulting in a width over which the
pillars are split of 102 m. The PSF now decreasesto 0.8. The
OSR iscalculated for each of the stratalayersindividually (see
resultsin table 1).

It is seen from table 1 that because the pillars are beyond
their failure limit, the overburden behavior is governed by the
beam characteristics. Except for unit 6, al of the unitswill fail.
Unit 6, however, is close to not failing and will probably be
self-supporting for ashort while. Thiscombination of OSR and
PSF isindicated by point B in figure 2.

During the time when they have not yet failed, it is probable
that the pillars will have a stable visua appearance. Load
cannot be seen. One's perception of pillar loadisdetermined by
the observed effects that accompany pillar compression, like
dabbing. Inthiscase, the pillar compressionwill bethe greater
of the deflection of unit 6 or the compression caused by the
weight of the rock layers underneath unit 6. The deflection of
unit 6 is 4 mm, and the compression of the pillars due to the
weight of the strata underneath unit 6 islessthan 2 mm. With
the4-mm compression of thepillars, thestrainis0.0013, which
corresponds to a pillar load of 5.3 MPa. The strength of the
snook is 8.4 MPg; the apparent safety factor is 1.6, and it will
have the visual appearance of a stable pillar. However, the
situation will change dramatically as soon as the overburden
fails. At that moment, the pillars will be loaded by the full
overburden weight. The safety factor will immediately de-
creaseto 0.8.

Table 1.—OSR for the different strata layers
with split pillars, panel width of 102 m

Unit No. Thickness, m 0 dh OSR
1......... 10 0.028 31.5 0.038
2 5 0.564 31.5 0.01
3. 10 0.113 31.5 0.038
4 ... ... 20 0.025 31.5 0.154
5. ... 10 0.282 31.5 0.038
6 ......... 50 0.004 31.5 0.961
T o 10 0.62 31.5 0.038
8 ......... 10 0.677 31.5 0.038
9 ... 5 5.75 31.5 0.01

10 ........ 10 0.761 31.5 0.038

*
A
v I
OSR

* * *
D B C

11 1I

PSF

Figure 2.—OSR/PSF plot of the different options
discussed in the example.

MODE OF FAILURE

Energy considerations indicate that failure will be violent
if the stiffness of the pillars is less than that of the loading
mechanism, which is the overburden. When the overburden
fails, it loses continuity and, consequently, all stiffnessaswell.
The stiffness of the loading mechanism isthen 0. Therefore,
the only way inwhich failure can be nonviolent in the situation
where the overburden failsis where the pillars have a positive
postfailure modulus. According to equation 2, this happens
when thewidth-to-height (w/h) ratio of thepillarsexceeds4.08.

The w/h ratio of the pillars in this case is only 2.3;
consequently, the failure will be violent, similar to what has
been experienced on morethan one occasion. Thisissimilar to
a conclusion reached by Chase et a. [1994], who analyzed
pillar failures in the United States and found that massive
collapses occurred where the w/h ratios of the pillars were less
than 3. They aso concluded that those collapses occurred
where the overburden was able to bridge the excavation for a
considerabl e distance before failure occurred.

The postfailure stiffness of coal with increasing w/h ratio of
the pillars increases approximately linearly. Thereis thus no
sudden distinction between what could betermed "violent" and
"nonviolent" failure; rather, the relative degree of violence
decreases with increasing w/h. It is suggested that the degree
of violence beindicated by an index based on the magnitude of
the postfailure stiffness of the coal, E;. It could be defined as
follows:

- ch
" 1&—2 (13)
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With the limited information at hand, mainly that of Chase
et al. [1994], it appears that if |, > 1.15, the faillure may result
in a dangerous situation. This obviously also depends on the
areainvolved.

By substituting equation 2 into equation 13, the relative
degree of violence may be expressed in terms of the w/h ratio
asfollows:

l, " 1.57 & 0.14w/h (14)

CONTROL MEASURES

There are a number of ways in which pillar splitting
situations can be controlled using the OSR/PSF. Oneisto limit
the width over which the pillars are split. For instance, if the
width in the exampleis limited to 78 m (i.e., by splitting only
three lines of pillars), the OSR of unit 6 increases to 1.6 and

thereisamuch higher probability that the unit will remainto be
self-supporting, if only for alonger time. Note that when this
is done, the PSF is not affected; it remains at a value of 0.8.
This situation is indicated by point C in figure 2. This
corresponds to other situations that have been observed, i.e.,
where split pillars with low apparent safety factors remain
stable for considerable periods of time.

A second aternativeisto do full extraction of every second
pillar on a checkerboard pattern, leaving the alternating pillars
intact. When thisis done, the PSF decreasesto 0.7. The OSR
of the strongest unit, No. 6,is0.3, indicating failure of the over-
burden. Thisis shown as point D in figure 2. However, the
wr/h ratio of the pillarsis 6.0, which means that the pillars will
not fail violently. Theattraction of thisoptionisthat 50% of all
of the coal contained in pillarsis extracted, as opposed to 17%
using the method in the previous paragraph.

INFLUENCE OF GEOLOGY

A cautionary note must be expressed at this point. The
process of pillar failure for low safety factor pillarsis driven by
the overburden characterigtics. It isthus very important to have
detailed knowledge of the overburden composition. For instance,
if the thickness of unit 6 in the exampleis 40 m instead of 50 m,
then the control measure to restrict the number of pillars to be
split to 78 m will not be effective; the OSR in that case will be
1.0, which places it back into the category with the highest
uncertainty. Theexamplein the previoussectionisnothing more
than an exampleto illustrate the application of the method: it is
not to be viewed as aguideline for pand widths, etc.

The full application of the method will require the es-
tablishment of guidelinesfor limit values of OSR and PSF. It
seems reasonable to assume that there will be an area in the
center of the plot shown in figure 1 that is to be avoided—the
area of highest uncertainty, where the values of OSR and PSF
arecloseto 1.0. Those limits need to be established; the best
way of doing that will probably be through back-analysis in
areas where there are examples of failed and stable cases for
different periods of time.

CONCLUSIONS

* For underground workingsto collapse, both thepillarsand
the overburden must fail. Themodel described here, smplified
as it is, offers a method to evaluate the stability of pillar
workingswith low pillar safety factors by adding an evaluation
of overburden stability to the evaluation of pillar stability.

» BEven if the pillars are not strong enough to support the
overburden, it is possible to prevent collapse by limiting the
panel width, thereby allowing the overburden to be self-
supporting.

 Refinement of the model will enable the scientific design
of aternatives to full pillar extraction, avoiding the situation

where apparent stability caused by temporary bridging of the
overburden leads to a false sense of security, only to be
followed by catastrophic collapse.

» Quantification of the energy considerations can be done,
leading to a design that will result in nonviolent failure of
pillars.

 These conclusions are broadly similar to those reached by
Chaseet a.[1994]. Themaindifferenceisthat thiswork offers
a simple method of classifying the likelihood of failure
occurring and the mode of failure should it occur.
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